[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

VA4 OLT 5 g VA olad & al ( aLS 3 SIS 5l B

(Melissa officinalis L.) 4 g jsb 55 b J8 b 32w g0 jome S 208 9 LS5 3 502
NSl 25550 b S pon

Y. \ Z ) . . \ .
Olozr) acb o oS Jo & ety pl Gy c(553L0 6 85 s
dgis (s L;w_gbjs o&Ksls gf,\.& 0 S5l s ;wug';.m-;) 9‘5;‘
bl,g.? als o &Kls Ma‘\g: c‘,l.ﬁ 0 SN ‘wuﬁ.«a‘) ajjf '

PR/ /Yt g 5y dusl OFAAN /TN 1Sl s )b)

oS>

oo 3 Ot 15 OLS cpl U 5 S aaw g S S0 ) 4 ol Caeal (sl SLLS 1 sl gl Lo 515
e nbe peod 5 g G ol e plia p ST L WIF e Y Sl 5,050 b 2l DLS ey sen ool sals 21331
o3l Cilisee glacs b Olajys (sl (awy 093 5 45 Sl OLolins o35 51 cage (295l ol (ool das kS 1) 4 6L
OlS 5 (glgme (S, » Glomus intraradices y Glomus mosseae sy ;950 b 4 swi jol e job ,;E cadlas ol 55 393 0
Kdd Sl 7,0 il e il S 55w gl bl Ad s OS5 ol e 5 Js sl sl (S el
SMas g JS il sl 5 Jib ladeul (AS5M ( glgome Ay slagasls o dhe 0ddd S s 55 A ol gy Sl A
3550 3l g sl 2505 5 WLl VT sl T CIld pimer el SS9 Bl SIS Il ol Ko
o3l soady ) Ao ys o i ized 201> (750 GG S b (Gl pn (s jon 4 553k 0l DL gl A 85 anlllas
s LB b glamee i dals SLlE 4 Cand Cans jor OLS LS sdalin G. MOSSEAE b oy ot OALS 3 Al 350 5 32 95w
ol Ad ) 3t HUS 55 55585 S addllas ppl S bl Lsls OLES 1) (6 Katar Rl oy 2 3550 ‘5\%;1 s
ety atl S ) 50 DS 5 cnl lsme 2 e o 3L e Jges o T Sl I L Ll a1 g e

S 0 Al 4 g3 2005 9 2108 SO WLl Ha 1, alp K

et o SV ST 505550 (a5 ca g 55l s S slael

old) el 3 S a5 LB s QLS iys 5 oS oo
QYA OLar 5 72,5 OTAY OLes 5 (55 Sas J 3 Cmio K Olsien asls OLLS (g5l 5 W)y
s »LS Melissa officinalis L. _«le eb L s sl 3l Sl ol 5 slaBl 3 egs g 0558l cAra g
Jlad 5 edes jsbas o5 ol (Lamiaceae) Olslas o5 3 s 5 of Ll 5 (Khan and Rauf, 2014; Singh, 2015)
Ol ahoor 31 Ll 5 e alleie iy 3T JUed dSpnl ol 1 5528 bl Dl s il sl sy

abrisham@um.ac.ir : S5 S oy (SLES 0 jous oukimg 53°


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

1A Jl A oyled A& W aLE 5 S8 5 i Y

5SS p LS sl OLLS L s Se slag )l
Zengetal., ) 5,10K s,ls pre U oasls LS 5 cuiS
By SRV IS o slaz,b .(2013; Pandey et al., 2018
Lsdor oymims S laedlEls S Seer S S
LS o sbml Sy WS gy Susp bl &S
s8> 31 (Kawaguchi and Minamisawa, 2010)
el ol Ly b gn dlaly SOl e e (S35 5 5
il (Jike 2o b, S8 L cagen 206
oS 5 das e il 1y gy 5 o] Giud ASle e 3l g
Azcon-Aguilar ) S e el 1 256 56 5558 T o0 S 5
OalS Wiy 54 3530 > (S3dxe sla 5,158 (et al., 2009
o il VST 5 s e ok S L e
B YR Uy Py SO P [ AP AR
L Cwwyes (Lycopersicon esculentum) S s S
<45 5 (Abdel Latef and Chaoxing, 2011) G. mosseae
Zhao et al., ) G. intraradices L o) s 5, 5 (Zea mays)
s ede Gl sSe Feager ol eds (518 (2015
LS 5 e 3l il sbad b glyme 5 i, glE)
ST 8 s U5 8 Sl ol eay SIS 06
Heidari et al., ) G. mosseae L —.. 5es (Zinnia elegans)
Oae 5o deol S Slatin gleme sl (2016
s G. mosseae I S5 L a.\.:@ﬂ: (Crocus sativus)
$lse 35 5 (Caser et al, 2019) G. intraradices
iy 53 el Sge S oodeall 5 s, LS5O0
Rhizophagus L oiis5,s5 (Viola tricolor) &
e 56 5l Sl ;5 (Zubek et al., 2015) irregularis
it Cilises b Q@jpﬁﬂ)‘yj&ﬁjéuéﬁ
Sl sl s B L L5 e ) b e

oI wile (el DS S s s S
Shaus! S swal pis,s 5 (PAL, EC 4.3.1.24) UL sl
Aas o il 1y OS5 opl slyime (TAT, EC 2.6.15)
s iSgs 4 S 5l PAL 5T (Song et al., 2015)

Sealbiow 40 VT s bid oS ol A5l b s

cr! .(Moradkhani et al., 2010 Y4+ (g 3 ,5) 5,0 S,
gl 4 i 5 2SSl dle il 5 e ki S
s S LB s bl S e sl \YE LY
(LSl Bl SB g Cand 3 sl 8 slaas
OF Js 8 laastls v 5 LS, a8 (IYAY (L jalas YA
OYAT (my 5 plaans) L)ls 5,08 LS (g0l Olssa
s Ol e poler O3 5l aseeiol
oslinal (S550S 5 (S0l camS s b b S lasys e
(el Olgea ojs 0l e (YA (5,5 Ad
s b5 Slael a5 (Sl B ame el
545 el (Moradkhani et al.,, 2010) 51> 5,8
b S 3 s p s e Slllas > 5 4 s ol
Moradi et al., 2016; Ehsani et al., 2017; Kluga et ) <.
Koksal et al., 2011; ) _li.s| sl cJls «al., 2017
Bounihi et al., 2013; ) _\dlos (Mabrouki et al., 2017
Lin et al, 2012; ) b a5 5 (Ozsoy et al., 2017
sl sds 5518 L« s ysl (Gautam et al., 2014
oS ol eslas SWslsil i cciliie Gla s Geres
Sadraei et al., 2003; Aubertetal., ) SSlas ol 1,
Pourghanbar, 2016; Jalali etal., ) s ,v5 59 A&, 5 (2019
Sener et al., 2017; Mabrouki et al., ) s SL 5 (2016
OS5 5 ekl pia, S Ssba ules S aul (2017
obas Sidse ol Ol ok s S
Oe ol o> &S (Farahani et al,, 2009) dcea 4 s jol
Johari et ) laug oo a1 Lo L ols 5 5,0 i
sladul 5 (al, 2012; Xu et al., 2019; Jaisinghani, 2017
Tepe, 2008; Wang and Hu, 2010; Sharmila and ) _Ls
b aseeynl ool slac s ;s (Manoharan, 2012
el ol L Calises Sladlas
GIA s 45t i gl Kaia ol s L
il gla sy s «lS 5l ) eslial g Lol
3,13 Glogrs Saaal 0 30 slge nl (A4S 5 (oS LB, e

o o Oladllee 0 4l s (Zubek et al., 2015)


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

v s 92050k 50 b Jd s S s s S 8 5 A 25

5 ooV ks Sl edignie s 55 2B U LS adlas
S350 S o QLS 3 5505 Sl el Giie

L by g sls
3 M e S Sz B e e AU i
S5 50 mil b bl il oS L oS s
«(Gi) G. intraradices 5 (Gm) G. mosseae Juls 3,55
s 5 GMI) 5,58 655 5 cpl Gsls bslse il
CJ.E Sy soas ((NAM) ﬁ)}ﬁ.f >ﬁ,ksr.\9> dald
A el 1SS b sl LS slass
S aseisnl glasds ol s, Bl s g byl o
CoASsr 5 IV UL 5 g Ol LA OBL oS s
L .(Soltani et al., 2016) Las Jyieds 1010 (i
LS 5l G intraradices 5 G. mosseae T 5 =il
Ver o el \Yeve guls) sblaad S Koy olS
G b pd ot bl 1l B0E e (il wle o S
St p Sk a lsla s S 515 o3bel (gslis oz
olug éa.d Sh e Bl an Ges s C:A; <l f-’f Yoo
Sl Ko Ges 3 0l Gateds glayds 5 28 S 18
Sles b iy SSBI 3 Lol s «sls Skt mlan
S8 DAE e L3 VA £ VC o gy, s YE £ )°C
colu Vo 5 5 celu Ve 5y 5 FEs pmol m 7 s
Sopoh 5 il bl banalS s S 55 b
Voo bold) @il kS e ol L (Suis
Floss et al., ) wuas Ll (el Slid Y505 o
S e ele 0 QLS als, 5 olse plail cils (2013
sladsad LS ¢l>.u'\ gy Ay s 5 byl s
5l b i B gles s 3JUT £ bl skl
SR Fle axs Ve Hn s cmle O350 02 O)ses
Ll K
Lo)3) iS4 el ek, dos e

bais) S 5l elS mom 5l e W(adyy O gl 5 oS

b (31l (Hyun et al, 2008) .S o 3JGIS | Ao
¥ el 5 el 450 5 Ayl e ple Ol el
Ferrer et ) &S o opels 1 b SlS 5 el jmusn )0
Forg een SIS 51 o) 55 TAT 57 Gl 2011
Sl U’-:)jf; )‘ a.)\.,\;&:l.i.d AR BE cg;t.é L;LA.,\..:M:‘
b el Sgsm b WSt b 4l s
Mollavali et ) (Allium cepa) 3L ;3 |6 IS (sl ge sl
Li et ) (Piper nigrum) ol |als ;5 45450 ((al., 2015
o=IBl L kalyes (Trindade et al., 2019) (trifoliata
5 Blilou adlas Gb .ol st 55058 PAL o 5T ol
55 PAL 03 0l 5 dowd Sl gl gimes (T20)) O KCan
I3 G. mosseae L o jen (Oryza sativa) o, 5o
sl
Sl 03 9 Lﬁs"b‘ SYe t;}.,pj,d M}g k)'il .,\.J:) 2 ).i)jgo:ﬁ
Oeres (Zakerian et al., 2014; Engel et al., 2016)
b S on Slaas s ol o L8 LS 5 (gl gime o)
(el (YN Q‘)K&JA 9 Engel U’”'Aj}i U gdowe )ﬂ)jgt"
Loa ol QA8 & 38 oS Ol ol
G. intraradices alax 3| =,0 £8 pdr 3l bl
ol o kb slanl & Glge Sl e 0158 (o se
s 55 U o sat 3l ol b3l e olS
05SL il Jd SLS 5 e s s slan s
RGPS WA <=t>.;,l ladlaa

Syt BB oy Sda b ans ol lpl
@ g 0 oS L G. intraradices s G. mosseae sz,
Slys Jold] oools il b b bS5 jlade 5 435
Sie 5 S M cladd 5 oelesml s g (e
5 GALB) B il SJsLl «(RA) el Syl
Sl L sl ol aelsl jsaS pl=! [(CA) sl Sl

25555 slats sl 53 TAT 5 PAL e 5T 55


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

1A Jl A oyled A& W aLE 5 S8 5 i ¢

Skl e 3l oeslidd Lo JS ookl as
oS ke > 5 5 (y=0.0046 x - 0.0136, R2= 0.9989)
S W i Lss S Al SJE
23S 513 4wl 5,40 (Mg GAE/g DW)

Slye G Seilll 1S A S g e
Loy (Yor¥) OLKes 5 Chang iy, 4 S AS5500
(UVIVisible, Jasco, Japan VA« +) 5 munib olKaws
al Iole 5l eslinal s plosil el 810 2 sed b s
AX10) il S ale () p 5 e AV e 58
3Ll poe oy sl g Jsboen a5 G 2 p S ke
00kl e Sl eslizad b JS A8 clale s esll
0,5 ks e 1 5 (y = 0.0052x - 0.0025, R2= 0.9991)
(Mg QE/g DW) alS & 5ed i 035 05 53 i 555
(28513 s 55

b el (glge 1 S S sladewl (ol goes s
Sheslaad b (Yoo A) O, Kea 5 Matkowski 25, 5 IS
UV/Visible, VA++) (5,5 gcid olSaws Sl Gyma
S Sl gl £4y 2 sed b 55 (Jasco, Japan
o Sl Gl p S e +/0) el Ssles) il sl
05 /) ke glaclale 5 A eslinad 3 ,lkul e
Chle Lad el dsbe ol 51 G e S ke
Y= 2/9031x, ) 3 1kl i 3l eslizul L IS L slasond
05 53 el Sisboss S ke cmm 2 5 (R2= 0/9944
asl>es 3550 (MG RAE/G DW) alS @sed it 033
23Sl

il 51 (S g St 1S (il 55T gl e s
oKaws Lo s (V44A) O San 5 Krizek i,y bl JS
5> (UVIVisible, Jasco, Japan VA++) (5,5 gk
Sl sl b oS 5l SMis o plol a6 000 = 5 b
2 s S e s YT MM s o
D3 aloes 5550 (UMONG FW) (LS £5as 5 055 p 5
RO

Lol 5 sl (S5 lsome i 5 2ol

Sl ssl) FAA LSS s 5 Lid and alubdl
o e a3 IV J 01 IS Sl el YV
Losdicas claais, @l a8 15 (400
lae (Lo/00 WIV) 3 8N 55 5h Ol 5 Jgloee 51 eslanal
Loy 5 A rb,u'l (\av+) Hayman , Phillips %,
LLs mls Gt bl wlp 76 @ el slaaty,
.(Giovannetti and Mosse, 1980)

(hol aiys dob wle plin)l ad, slapasld s
i Skl LS aly, 5 slss plail S 05
S gl 5 Sesll oK 3l eslizad L S T §gezes
31 eslizal b adyy maw ¢ gema 5 (Light Box, ADC, UK)
5 (Delta-T Scan, UK) ;5.8 o lawe Sl oSaos
25 S 15 a5, 4 ROOt Edge le 5

235 ) <’J§ AL U s (R Wi g ! !
A Blal JAY Jlke ) e 0 wads; b S eda i
D- 12207, ) & gl 3 olSius 55 4233 70 kot b shse ol
423> V0 e e 5 23S 13 (Bandelin, Germany
Ghasemzadeh et al., ) 4% 5se wle \Yorr rpm s
SLS 5 IS i ¢ Seslul gl Jols sk, (2014
13 eslizul 3550 CA 5 SALB RA (sl yms iomiw 5 kb
LS5 o3l @ses 3l eslital b ol gl IS zlAad s S
O3sr 55 aday b5 Sl e S /) il il planil iy
Jpke) sl Jsile 2 Jn VO L sl o5 mle
() o o 4 Sl S Sl 5 el
BERRCIC I ¢ SCIR VYUV BCIIVT VUSSR P SR SN
oy sbds, Sl s 23S 13 bl sles 5 S
Krizek ) d sslizel S il g5l Slide o gl ol
(etal., 1998

o w5 U8 Gl 1S B Gl e
O Sme Sleslaad Loy (1444) O, 5 Singleton
il slachle as g Seslkl () V) IS e
Al SIE el Jsbe 5L G g Sk YooY
g Skl e s g (R 2 e S e Te0)


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

J ot 32853k 3 LBy gy e SQ 2 5 A5 S

A (Yoo O 5 Yan s, elel, PAL
A S Yor Jals 2l e £ o e L 2S5 b shos
(PH=AA)  Ngo Joo Voo Slp 5L e il ojlas
Doloms S 5 0 05 2 5 Ve o Yo YT b
Specol, ) (g5 gecid oSiws hug gl YAr
PAL o3l o5 <l 45 ol (1500/1, Germany
Al Sl S el s b
s L3 55 03,51 5 Jses See o 5 (AT cmM™)
ids 53 B 0 S e S il (Al Sl 1 5)
258 15 vl 5,50 (LMol Mg pr min™)

A Eld 5] 5 gl 585 T Cdld s
S Se3lkl (Yor)) 0l,a 5 Lopukhina iy, « TAT
EDTA oo ke ¥ olg womm L (2S5 bylis
IS e Vs e 0/0 3,0 Ve L w/VO
Voodd KLU smSWE s Ve e ) Slis 0
(PH=Y/0) Nga Joo Vo only Sland 5L 5 Ve e
AemSsken s S Ve 5 el olae )5 Sa Ve
YW zoedsb o STy bl e Ve ) il
L TAT il eps o s skl el
dadllzy Soodes —f Baels ool S eslind
o2 5 03,50 5 U Sos = 5 (11440 cm'M™)
2 oSan p Sk Sl (i oSsods -£)
25 3 15 alows 556 (UMOl Mg pr min™) aiss

(ANOVA) & b G uslls 50T L baesls (g bl @ 5o
b LSSl 5 A el (YW 212 5) SPSS 3l 5 Lawu s

LA delis (P0.05) SSls (glanelsiir O o5

-

ok
AN 38 55 5 52555 65 1Ay ) O gl 5 6T A5
<t G. intraradices 5 G. mosseae &5 5 pls
Slaa s ol il aly) Gile S Aoy 5 ol pns
o ool Glaiy, doys op iio G Mosseae L o jon
sebastl s e asllas ol s 1, (00/8) £ YAY) 55 S

W oL b omb SIEsLy S B, 5 eslad
Seaobesy Glyme S 5 gluls Cgr (HPLC)
HPLC o&aus 3l el S8 5 B sl S 5L gl e
Gl slacwy 4 e (Smartline, Kenuer, Germany)
slul 4 18 Eurospher-100 ke 36 Osiw
Sleoal oy opm ols sl L odmm x \Yomm
Sl lws as esliul (D1416 Jas) UV-VIS
A S 1E 55ls s, se Wesls (W) 4l 5) ChromGate
33 Jolo e i b Sley asl 51 05 g piaed
L osddgdenl of Jols A o o eslizul I 4o
sy bl el B> 5 Y (W) el S
PTFE 5 oo olial la sl 5l weslazal 51 3 Wadd>
Sl GuuF A S e3ls e (e e +/80 dSLe Jhad)
2 Gl e Sl £ Chle L) ojlas 1)y S T
S b s el YA 2 ged b s bk sad (g5l IS
QYA 0L 5 opb) As bl aids 3 ) e
yRA= 41606X, ) CA 5 SALB RA s,ltlul sla i

R2= 0.996; ySalB= 2196/7x + 3/763, R2= 0.999; yCA=
RA 4l sladshme 5l eslinal L (7149.3x, R2= 0.999

s 56155 2 e Ske ) kL L CA 5 SALB
Al g e L gladul (gl s Culg g 5 LS

5 S p ksl i Gl el 5 gl A
Al e YL (S N mle O350 53 eddag aly;
(PH=) Ve o) Slind 3L s San 3w 75
/Y PVP 5 Nyo Joo £ DTT Yy Le Y EDTA Luls
L. J~Pl>- b)L,a_O A ebu.:.m‘ &)::;)J'i C‘f&.ﬂ‘ )-9L’ ulj.&nu
Jsloee 5 L3 50t mle ddds YO ot \Wrv v 1pm Ce o
SPAL o sl cles 5 o5 SMie Lo Sl 255
e (Yan et al., 2006) <5 S 13 eslical 5,50 TAT
Bradford U‘i’ﬁJ u"’L""lJ'f a)L.aO B J}bu éuaﬁ.ﬁ}jﬁ
ol Ol gea (58 sl o ) eslizad L5 (VAVD)
REFIRE

el s SULT VTS 5T Sl e


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

\Y’\‘\JL»J’/\:,L»&“\AL.-“;AL_.?;JSJLS‘,.\QT}& h

452055k oL A3 sl el p Y Sl 50,050 Gz B b amsen STV Jous

gl poeme e e S 03y S 00 o dsk Bl db Aoy
iy S s s el ! ! Osemlishs Ll
(cm?) )] (cm) “
YA/EYC QAT v/00¢ Yalk YV/AYC L - NAM
Yeo/e0? AtV ath Y/YE YA/ALE YV/i Y2 00/4\? Gm
A4/07° \1oo/0P Ye V/40" Ye WP YY/AVE TE/NC Gi
qv/) ¢ V1av/eP Yahu y/4rP Yi/09P Ye/uaP LAY D Gmi

b G o LS :GMi G. intraradices b Cum jon OLLE :Gi $G. MOSSLAE b o job OLALS 1GM {53, 55 ,é OLLE NAM

Oga51 olas SLSS Gy dly laog S Dge B s A ST dw u,i.l..a WLesls .fi‘,s &, 04 G.intraradices g G. mosseae

JJJ‘J..; (PS 0.05) 6)‘3;;'\“ C.a‘glé.‘.' ‘Oﬁb

;;1""3 hi:ﬁ :ih .G. mosseae L} Cﬂ\n—l}oﬂ Q"ﬁﬁJDle OM&}#‘T&/;) 6‘.&4.\::-‘{) PL JY‘,S..«‘,.UT ﬁ)‘,i._.a @JG ‘5qu:$"-' -\ JSA:'

Sols sme 5sba G, intraradices 4,8 4 cund olS LS,
U:'ib'g‘ —or g0 ch..:_l.é.J “ G. intraradices )}‘A} @ Cm.u
VY/\) 4..';.:") J_’b c(M)) VV/O\) a5l C\.ﬁ)\ EE )‘JJM
YV/\) 4...':'..3)} (J..p)b i'/\) Lﬁ'f-‘}h C‘J.;‘ i Q)_} c(M)J
YA aiay s (hoys YAA) S, T paeme (Ao
OllS 4 ol G mosseae L C jen OLALS 53 (Ao s

ol 403203k ol en f\.l.',l Loy sl olas Al sl

dﬂ}j v J‘,S.w‘,.wi ar égju

Lolse b cagyer OLLS o axle ol b
S35 (S5, (Gmi) G. intraradices 5 G. mosseae
= 4 G intraradices L edimil LIS o o
RS Sl S dons S S5l e sl
L Camger OLLS laais, o5 (&) £ £/A9)
OV dsdr 5V K35 AS saalis G intraradices
Slio 0l (K5I8, 50 el » p) S S
S Gulsgme ssbar walllas ol 3 s 3550 A

334t 0> Gomosseae £, b oS 53 5,8 3


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

v ot 32853k 3 LBy gy e SQ 2 5 A5 S

5 G5 d e ynl GS 5 53 | denl KB 5B
OLLS wiyy 3 Jb pl bl ST (5558 8
RA (lss L3 5L CA 5 RA Lis (5,50 5 Jald
mgCAE/g DW) CA , (™/*v + +/»0 mgRAE/g DW)
A VY 5V G e dals 0lalS S 5 (V) £ 008
b oposSee b eagen 3 4y lp sl sy nslis
s s pl ek e bS5l e 3t
e opl G. mOsseae b o jon OLLS 5 oS (g, 5bas
RS szl L olals il 38 s VY 5 YIY &
oS w5 S 3 RA syme » ols e 5 e G
s s szl L O 3 550 e Ll
s S 5 53 CA Sluie [JialS 5 SALB. Sldie [ilsbl o e
Loslimil OLLS oy bime Olis ol U
b 5 sl sl 4 s G mosseae
aioy 5 (0/VV = «/*A MgRAE/g DW) &, RA s
e oS Wsls olas (VY £ +/+Y mgRAE/g DW)
dals OLlS 4 Cand il Aoy VWA 5 00/0 51 S
53 2 pls 5,0 5 e 4 G intraradices 5, s
2 Iy RA lués 35 G. intraradices 3 G. mosseae gk
3e8 Sl gme Sy il ol bl sls Wl aky, 5 S,
(Y J$2)
ERSTRIRPAREN [ JrNS- JOW P R T It
ST VT s sl 3T dlad 231,ms 5 gial 0599
W gy als QLS S s 51k 5 sl 5555 5
ol e b G bl S s atuy A Y
FRAVARPVR PYCR I RS R ST RE ST P
PAL w31 .42 G. MOSSEAE L oy jon OLALS 53 ol 2 T/V
A Gl Geyen Bl o iy TAT 4 o
TAT 5 PAL 5T cllad (ols mo s sbay 5500 .23 5
6%{;1 Cles ai sl Il oalS Wiy, 5 S s
slalie G. mosseae L odipedls ollsS s TAT 4 PAL
YV wioy s 5 WA 3 AV S, s Cl S S A

Sl olid wals OlS 4 cald 1y Sl sy Ve

T R ey O R
i et ol U S s o Bl a3
oS (Y Q) iy 5 (YT Q) alse pll S 055 4
OV dsdr) os by e

P Sladl SN S e 5K ST
5 kb bt WSS b g 1S el sl
S VA XA LS dals 0blS S s IS sl szl
2> S 5 ol e 5K 5 OLS cplalyy Al Y
S Gosba il cte Sl o pan OWLS aty; 5 S
fps b adyy 5 Sy S LSl 5 8 gl
S il (Z3L Sl (gols pre b edis s S
G. mosseae L Cuwjen OLLS & IS g 5 J
Wioy 5 s VY 5V/0 S 4 s S ja aS (Lsgy by
Ol dals DS @ cund 1y il dsys EV/Y 5 VoA
53 pls 3,08 5 2l 4 G intraradices s, sl
SLS 5 rl Dlde Il cor e 5 (GMID 525580 &8
5 gladed Jlade 5 s pme S 03 ek cpl S
so5Sen b s b o gl e a5 IS
GRIA G fases ool i) 0 Ll 23K 1S
Lol ObalS s JS Jb sladeal (gl gme ls sne
oy 8 ke slaad Gl o xiy (G mosseae
45 53l e e sl OLES T, (V0/YY mgRAE/g DW)
IS oSl Sy o SR e 05 b
Wivy g b OlS 5 sl e S cpl e p bl s S,
OlS bl 5 o sl 5 i ol g5
st i o in 4 GMID) 65 5 s b oeddpmdls
Loys WY 51 S oS e, (VYA/0) pmol/g FW)
b st Jlie op zaS cl als OLLS 4 Cans 58l
A edaline Jals OlalS s 5o (VVAY pmol/lg FW) &
Sis o lsme 5G5S Il 5SS pa ool il s )08
(Y Jsd) il S s Jib SlS 5 5l es S 0l

AT s Glodenl (F 5 lsme 5 55 3G
SIS ol Sislesy b del e 52> HPLC


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

1A Jl A oyled A& W aLE 5 S8 5 i A

4525 50 ol Ay 5 S S il 5T 5 i Gladend (i SN (5 (g gmmn 1 )Y 5K g1 a5 0K b s o LG Y J g

JS ol 51 JS Sk sladed JS 455520 Js s
(umol/g FW) (mg RAE/g DW) (mg QE/g DW) (mg GAE/g DW) Oles
o) Sy oy S 5 oy S oy S
v/ vV 1/ 0° YonvyP Y/0\° ya/eab MY vy /P NAM
ATA\GEES LAl Yo/YYe YY/ N Avath AN q/08? Y/ 42 Gm
§4/0 P yyyash At YAtk YV Ye/00P q/0v2 TY/EAD Gi
AT SR YR RV T Y/ ¥/vYe® Yo /VAP AE® YYV P Gmi

b G oo LS :GMi (G, intraradices b Com jor SLLE :Gi (G. MOSSEAE b o job OLALS 1GM {53, 55 b OLLE NAM

Ol Gy Al laoy B O smw a4 bl o 1S aw ke Laesls .(J‘,J <, 4 G.intraradices 9 G. mosseae j S 5

- A NAM

_:-:5: 6 | < a}) B Gm

= § 5 ab ast *Gi

RN . G

= =0 ¢ % : %5:

< b 318 g %

zE 7 1

= 2 4 % %

1

E 1 1 é Z{ii a babb
0 : = W7

RA SALB CA

I (P 0.05) (6,05 s o5 (ySSls O ga3T ollas

s 3y B ENAM
= i O
E 20 41 R = " Gm
= i 2Gi
g g U5 - BGmi
s
- =l
<3 wo
E&
é o5 -
=
2 0/0 = .

RA SALB

(CAYdral KBS 5 (SALB) B ol S5l Sl c(RA) sl iz oy slsioms 1 5Y s ss] 3055508 b o 36 Y IS

G. b s jop OALE (Gi G. MOSSEAE by S ot SALS :GM (6 30, 550 b OLLE INAM s g2ui 534 olS (B) aiu, 5 (A) S

P s ksl gl £ 1SS 4w u..(,\..e Lasals .G. intraradices 5 G. M0sseae 3l _ouS 5 b G o OLLS :Gmi tintraradices

.-\JJ‘-L; (P<0.05) J‘bg;'au Q}w ‘OS.”: q}a}i “ 4?}.7 b ggl....(.l &J}f .\>.|} 6\.&53; 4Q‘,:..v

Clad 5 CA [lie (50 e (Sted S 5 13 e

(F Jsds) A sdalive S, 55 TAT 5 PAL
5ok o8 31OVl S 5 oS e e
5 OLLS o s g S 0 00 S ol s
Harrison, 2005; Kawaguchi and ) <.l LAML?),\,;V“A
TAY 3 G b Y Sl slag B .(Minamisawa, 2010
LS o )30 s yen adaly sddantlis alS glas S
ol axdllas 15 (Kawaguchi and Minamisawa, 2010)

TAT , (Y/64 umol mg pr min™) PAL Sl sl s
4 G. mosseae olalS S, 45 (+/A¢ pumol mg prt min™)
oS dals OlalS ain; 5 e 25 JMae oprig
TAT 5 (\/+7 umol mg prt min™) PAL L;Laﬁ)ﬂ b
¢ JKa) dsls OLES 1, (/14 pmol mg prt min™)
SLS 5 Slon Ol Osmiy (Shsesd o oz
sls 0L TAT 5 PAL (slaq 5l ol 5 aadllas 3550 s
5 0 Elessl 5 IS i wls, 5 Sp o S
Sie 5 TAT 5 PAL Glap 3l <l L RA (ol e

5ol me Stewea PAL 3l cJls L S s slad


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

4 s 92050k 50 b Jd s S s s S 8 5 A 25

(TAT) 31 s 5 3ol cp55,5 5 (PAL) WL gal VT fi 6ur_;i Cllad 5 b OS5 Sy Koot o T gl

452055k OLLE aty; 9 S s

e S Sl P P PYWH AP E o - N
ol S . o ="
B 4 A S JS S

AN /08" N Aty Tate /ar” v/ox™ PAL
. " . " S

=/ /YA VY Al YT VY CEV TAT

VAT - YAt (Ve Ve LT /g PAL
. - - pa®

g™ . VAN /A0 /0t /AL /80" TAT

A Ao 3 ) ch.«,:,l:g;uju)ao ch.«,.a,l.sd'.u Sl fan g 0 s OLES 5 Sa ¥* 5 *F ns

3/0 NAM
& E 2/5 [ Gfu
25 20 %Gl
Y s | # Gimi
T
52 10 A
E =]
°E o5 baba

0/0 Mz

PAL TAT PAL TAT
LEAF ROOT

3 S (TAT) Sl gl 398 5 PAL) 5ULgol VT b 5T cdlad ;¥ sSKssl 50,080 b fmjon ST -1 IS8

G. intraradices b s jor OLLS :Gi G. M0SSLAE b s jor OLLS :CGM (63, 55w s OLALS NAM 4 g2ei j3L SalE aly,

O s ke e gl # 1SS aw Kle Leesls G. intraradices s G. MOsseae I S 5 b G jon OLS GMI

LI (P 0.05) L5, cae o glis oSl 3 g0l d am 5 b OLaS g o domlg (glaog S
D e &y ) L ore b 2 DI Y SRy

Medicago ) 4=y o5 Eob b oalie (i ol Al
G. mosseae (sl ijs 5 31,8 s2> 4 (truncatula
(Yo' A) O, 5 Jansa adles s G. intraradices
S5 Sl mhe s bagl g i) e o
L ade) 03 Gole S doss 2alS ol i) o3 55550
SIS L S5 58 S sl il bl ol ens
Ll o G mosseae Lile (553 s jer alaily (513
iy s ol Gln by bt i Cor s
G. mosseae ~ U 0> 5 e (Luetal, 2015) 550 i
Mentha ) gl b (s o G. intraradices L «uslia ;s
Plantago ) Xw,l «(Bharti et al, 2013) (arvensis

Sl 5 sl $55 Gn reser daly )l
S Sllae Lo o5 b VSl S
SoolS (Vv ) 0L 5 Karagiannidis «.xls S
LS L oly Jls 5 anbas, glaa g psl &S Ls S
bl Lles S 15 g sen el aite O ) S
SV L asesnlb (YY) 0LKea 5 Zubek axlas
B al » Ad e jen Glomeraceae ool gl s
L o aly )13, 55 (G, mosseae G,)G L
e oS Jes G.ointraradices I 538 se 4 s ol
"o 8 o s G.intraradices ;LS ;s G. mosseae | s>

o5 4 olS Sa i asys iulsl 5 G intraradices i


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

1A Jl A oyled A& W aLE 5 S8 5 i Ve

Miransari et al., ) .S s (Sieh et al., 2013) .5l
S5 s (Yurkov et al, 2017) .J,.- (2014
Sgh o Ly sl el
Jsa 0 ldg 5,55 OLS 3 450 e plie gl
o=l (Luetal, 2015) das oo (g5 adsl pd 2lie 35
Khaosaad ) (Origanum sp.) % s> ,e sladd s 5 5liie
(Thymus vulgaris) .5l Ji <ls 5 (et al., 2006
Srr S sbas ST (Zayova et al, 2017)
s (Andrade et al, 2013) (Catharanthus roseus)
Cosme ) (Moringa oleifera) s, 55 sV s ;58 408
sl ol (5518 55 e bt e sy (et al., 2014
LS5 Slse oS boaseinl feses Jlog
Sl s ol b s L B aallas cl s b
Hristozkova et al., ) ol 53 IS S50 5 kb (gl gime
PETE IR oolew sl 5 b gladl (6 S Slads 5 (2017
Khalid et al., ) 1 3,58 sdiss 5, 55 (Brassica rapa)
Sl sl a3 B LS 5 gl sme Uil (2017
oy pSador olee il 4l (R ol 53 S e
Coms lg o aday alpn Ul L aslie 5 (a3ly 5o
LS 4 6 DS 5 st Do 1 05 Sk s S 516 e
Liy s cwl Sew sl s (Stevens et al., 2010)
boandllas 5055500 b G o Slaa gz ol ) 28
CF Gy el b oalls o8 WAL Slse Gl 4 o
03 eki S (Fragaria x ananassa) sl S
ssba (s G b sl (YaV0) O Kes 5 Boyer axllas
AP S s Sk s, DA S ) sSee Jsene
G 3 Ll o &5 S o 3L ity fmy ol Sl
Ll Ol 4 plsm ol 4 ol aly,y A3, alS
Seoslesy e Hls sae il53l (Stevens et al., 2002)
il Gl s Slalllas E b oandlas ool s
Toussaint et al., ) Olw, 2oy 5 S 5 55 RA luis sl )|
Salvia ) 8 (e 4dyy 5 (2008; Srivastava et al., 2016

3055 b o es 5l das (Nell et al., 2009) (officinalis

Morus ) siw o 5 (Martin et al., 2012) (lanceolata
o g ol sdd (55058 55 (Lu et al, 2015) (alba
e Olin obS o OF (58 (Gl 5 s Ik iile
s (Wang et al., 2018) (gdss 5l Jlazl s @ls ol
Trouvelot ) 4 -zl slele] LS s b e
108 50 e e jes SO (etal, 2015
oS oy empn S LS R e
aiyy Jsb Wl gl ol iy glaasls e
5 S 0l paemme 5 adus 5 2l Pl Sa 055 ool
4 S andllas pl 5o G pen Gladg s ol 3 aly
Cogo Al (gl gme SRIB G580 e OlalS
ol Bl o 9o G mosseae L e jea Cu gl bl
(Yang et al., 2017) Salvia miltiorrhiza «i;, 5 <l J b
Ocimum ) Ol 4l 5 (gl ol SEx 055 25 5
S e (2l .o (Toussaint et al., 2008) (basilicum
s (Yadav et al., 2013) (Glycyrrhiza glabra) ol - &
5l e o (Zou et al, 2014) S, aw b 4k, ek
T slacia ool e SIS 555K b pesen
winy o 28 5 Jsb dhy S b S sk
S S polie 5 Ol g ol S 5 1) O 5585
Fellbaum et al., 2014; Baslam et al., ) was o .5
(e By 5 ol Jml 5l o LS s (2011
Miranda et ) S » v 5 28 3 555K A8 cpiores
ol 58l o 5o (@l., 2011; Songachan and Kayang, 2018
XU €L ) 555 g0 Coms o QLS 3 Ad)y 5 (g5t ss Ol
Lojs Yoo5l 200 eslin S ookl (al., 2018
3o M5 4 |y S jos olS olS sldu 5 Sl s S
oerea (Chen et al, 2017a) Ll o ,lsls IS
Dispe e s sl ol e UL S
Kobae et al., 2010; Jin et al., 2012; Hashem et al., )
Allen and Shachar Hill, 2009; Zhu et ) > S5 5 (2018
Gs Gkl S e SeS oS e A, o (al, 2015

Lile ALS sladgeysn Slyme Al 5o oS A


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

W gyl 5 LS gy e S 2S5 A 32

sl oS e > 1 TAT iy, lse i3l
,> (Wang et al., 2019) (Puccinellia tenuiflora) oLzél st
Gl BL Rl S s ad) mhe B8 ol
S on OWALS 3 15 050,20 0L 35 cpsisl 5
L 5055 oeres (Tian et al, 2010) £5d o o o
Ll Mgl B 0350 Sl 3 S 0] Ol Wl
3 el Sladeul Jlie 35 Calgss 5 Sdae o3le (pl o
Qinetal, 2012) 5,05 o 53 1y ecps,s 5 ooVl b e
dho Sl al Gladeul 51 (315 (slgmn Sl Je 51
L G o (Vitis vinifera) S0 s cpss,0 5 VT L
5 G. mosseae alox 5l s glay;sSKe 51 b gl
C.xf O «(Torres et al.,, 2019) G. intraradices
Fiorilli ) G. mosseae L o s 3, s (Triticum aestivum)
Sie aall cpl by ol sds 55158 (et al., 2018
b LS 5 sl i S s s oY Lo asl gladl
Wle e sla sl Cld Gl o pe LIS e s
3pd b SUS 5 (glsme il aslsl s 5 TAT 5 PAL

.(Qugran et al., 2015; Engel et al., 2016)

S S 4o
0594 oS b gt jen a5 3l QLIS asdlls ol ok
oS L olS 5 glgme 5 A, s, G. mosseae
ol sl s Lol i U aessl
Gl Jls ime (il 5w ysl b S 5 St
esrara 5 ol Sl 5 J ladul WSS (S S
Ol o wldgnose oS 3t SKiley, i
iS5l e e 5 ST sy 5 s b e e
Sl 4 oeldCusd ool ol b SLS S
Sie it ally 4wy LS BB 51 sl
Zhao et al., ) oS Slausl ol el 5 s ols s
o B S| ST sl s L e (2014
Do Ll s boablie Gl Copon olS Caslie 15

omlBl e e 5y b semen pl by s e

M)AA casIUae Ui\ Cﬂb L; MLZ.A 42:;‘ ol ol u::‘)\jf
Salvia ,> SALB ,lais 138l 5 G. mosseae L
5> CA (lg=s 2als 5 (Chen et al., 2017b) miltiorrhiza
Ol bl s (Lopez-Raez et al., 2010) S sax S
A3 g )l pae Lol axdllae j3 el SB
Gl S sl e 3 2o WK slad e [yl
23 Sk 5 plendge QBB ) b 5y 0 Corge aln ) 2
Requena et al., 2007; Song and Kong, ) ss . oS
u:"i‘f‘ cj.;)j.i.:A )j,.a;- 4 nk.s (_SLAG\NL) )\ Jif. (2012
ols 5 (Caser et al, 2019) ol b LS 5 smwsn

ol 38 U L Ol b g easasle 3L
daaly; o 2l (il A S 5 (2B Glachs Ll
larose et al., ) wyls 25 ol OAdg S ol s
O (2002; Scervino, 2005; Ngonkeu et al., 2017
s, (Engel et al., 2016) 1S s Olu,cdle J S 50
OLalS 5 jmie s Ol ol 3l a5 (G olS 5o
oo sl i SRIB1OT Sl 5 eddis 550
03 ekid) g s LS 5 (Lattanzio et al., 2009) Jas .
SISl s Sl e Ol Ml e
o Al 3 b b K eslizad b SLS 5 o S
V_A\je b CJL:SJS g)"\ e 6‘J’ (:)Y 6)").:\ 9 RPN
Lietal., 2017) xs
SIS 3 s b s ol e per 31 e
b b b 5 s Slag 3T e (3 OS5 (sl yme
S Ol 5l S Gl &S (Gosbay (il il 5l
Cote Stenen TAT 5 PAL Glag 5T il 5 sddaslas
Valeriana ) .kl fow ;s b el b bl Al edalls
sk o5, 5 (ugran et al., 2015) (jatamansi
5o (Mirjani et al., 2019) (Satureja khuzistanica)
5 MOl S Gl Rl e s b e sen
o G.intraradices L zwsjes 43 PAL 5l ol
5 (Battini et al., 2016) O, ;5> TAT 05 ol W


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

1A Jl A oyled A& W aLE 5 S8 5 i VY

nK.i;‘} L;.:..A)j“.: CA}L’&A Lﬁjlﬁ C»iLc».?- L) cﬂl}- wua.é L_SLE;)1 LJ JU\);L;‘ ‘Jk':» LSLAQ_):‘"'S J.:LLO L aL:f C»A‘juﬁ
S5 4abobl gl y (F/YVA00 ojleds 4) dgle w3 ) L eals Sl ol Lols wlS o 33 slse 4S5 5 S
)‘ u,:..}_'-r.h QK.L.W.A}J RGIN RPN rl}u‘ JALS 65}5}.&}:3 A Mﬁ

HPLC 5JUT (gl sl olKisls a8 (650 5 5 ol Kile 3]
Sleds (gl dgde w3 JLls dAk:f oASlings ‘_,3‘:)45‘9)@

V\ASL;G S..M.:L“ QL;’G)JJ

cl:.o

Ol 3T Oblws) 50T 4y a3 ST 65l Suilul ks (1T4Y) T NS 5o e F A G el yStam s
BTN N ol LS ulitp s aslilas Ol ol 38

Oy Ol oKl llisl 5 Ol anwde 0 A . 5505 OLLS (VY4Y) & eSS0

I8 Floler sl OBLS ol S OYAY) o o cny 8 plisas

SISL I 5 Aol Kby lgims Slaglis oy OTAY) L gl 50 Gy of s o b Ol cp a
ATV Y LS sla iags doms 0lal 65355 SalviaL) S w656 5B 5A gladd

T a “_;.)ijﬂfb- ‘.'C el ".C (S Rl “p (el e )30l L.tcdéu W (olw O (83,58 el
T S e ol Sl 0l LS Sl (IYAY)

O eolas K 301 x5 ool OLLS Slebs (WW4Y) s b ks

Abdel Latef, A. A. H. and Chaoxing, H. (2011) Effect of arbuscular mycorrhizal fungi on growth, mineral nutrition,
antioxidant enzymes activity and fruit yield of tomato grown under salinity stress. Scientia Horticulturae
127: 228-233.

Allen, J. and Shachar-Hill, Y. (2009) Sulfur transfer through an arbuscular mycorrhizal. Plant Physiology
149: 549-560.

Andrade, S. A. L., Malik, S., Sawaya, A. C. H. F., Bottcher, A. and Mazzafera, P. (2013) Association with arbuscular
mycorrhizal fungi influences alkaloid synthesis and accumulation in Catharanthus roseus and Nicotiana tabacum
plants. Acta Physiologiae Plantarum 35: 867-880.

Aubert, P., Guinobert, 1., Blondeau, C., Bardot, V., Ripoche, I., Chalard, P. and Neunlist, M. (2019) Basal and
spasmolytic effects of a hydroethanolic leaf extract of Melissa officinalis L. on intestinal motility: An ex vivo study.
Journal of Medicinal Food 22: 653-662.

Azcon-Aguilar, C., Barea, J. M., Gianinazzi, S. and Gianinazzi-Pearson, V. (2009) Mycorrhizas-functional processes
and ecological impact. Springer-Verlag, Berlin.

Baslam, M., Garmendia, I. and Goicoechea, N. (2011) Arbuscular mycorrhizal fungi (AMF) improved growth and
nutritional quality of greenhouse-grown lettuce. Journal of Agricultural and Food Chemistry 59: 5504-5515.

Battini, F., Bernardi, R., Turrini, A., Agnolucci, M. and Giovannetti, M. (2016) Rhizophagus intraradices or its
associated bacteria affect gene expression of key enzymes involved in the rosmarinic acid biosynthetic pathway of
basil. Mycorrhiza 26: 699-707.

Bharti, N., Baghel, S., Barnawal, D., Yadav, A. and Kalra A. (2013) The greater effectiveness of Glomus mosseae and
Glomus intraradices in improving productivity, oil content and tolerance of salt-stressed mentholmint (Mentha
arvensis). Journal of the Science of Food and Agriculture 93: 2154-2161.

Blilou, I., Ocampo, J. A. and Garrido, J. M. G. (2001) Induction of Ltp (lipid transfer protein) and Pal (phenylalanine
ammonia-lyase) gene expression in rice roots colonized by the arbuscular mycorrhizal fungus Glomus mosseae.
Journal of Experimental Botany 51: 1969-1977.

Bounihi, A., Hajjaj, G., Alnamer, R., Cherrah, Y. and Zellou, A. (2013) In Vivo potential anti-inflammatory activity of
Melissa officinalis L. essential oil. Advances in Pharmacological Sciences 2013: 1-7.


https://www.researchgate.net/scientific-contributions/39571075_Ikram_Blilou?_sg%5B0%5D=RSNPKZ2529WxJfZSK9VXWdO-0hu-RvkkJXzm_R0wdQex3nhg8bFalN0imyE9d1BHyixEzWM.25iuc9fyx1isXX4yWBREPtoF1k6v4f5_OH9Scj1vuzAKR2ceVffs0R_mrl6VymaO7-hfOcaNh06SN1HVzO_odQ&_sg%5B1%5D=xLHRwyxJZJk2pV0maxoxXl63Pfy7ZMuXkX7RO6ZOWMy3WDRqls4EAQw9CNPUtFXadVV5tO4.jNVvQ8XY9owUAb86OHSuyJuwqGr-rg8_KzxAcFSc9QXmJ9L0AoIlHsV0880qEa0YcrlFJW87CsIPFlPZnyEhuQ
https://www.researchgate.net/scientific-contributions/39208931_JA_Ocampo?_sg%5B0%5D=RSNPKZ2529WxJfZSK9VXWdO-0hu-RvkkJXzm_R0wdQex3nhg8bFalN0imyE9d1BHyixEzWM.25iuc9fyx1isXX4yWBREPtoF1k6v4f5_OH9Scj1vuzAKR2ceVffs0R_mrl6VymaO7-hfOcaNh06SN1HVzO_odQ&_sg%5B1%5D=xLHRwyxJZJk2pV0maxoxXl63Pfy7ZMuXkX7RO6ZOWMy3WDRqls4EAQw9CNPUtFXadVV5tO4.jNVvQ8XY9owUAb86OHSuyJuwqGr-rg8_KzxAcFSc9QXmJ9L0AoIlHsV0880qEa0YcrlFJW87CsIPFlPZnyEhuQ
https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

W aeninnl 5o b Sy g e S 2SS

Boyer, L. R., Brain, P., Xu, X. M. and Jeffries, P. (2015) Inoculation of drought-stressed strawberry with a mixed
inoculum of two arbuscular mycorrhizal fungi: Effects on population dynamics of fungal species in roots and
consequential plant tolerance to water deficiency. Mycorrhiza 25: 215-227.

Bradford, M. M. (1976) A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Analytical Biochemistry 72: 248-254.

Caser, M., Demasi, S., Victorino, I. M. M., Donno, D., Faccio, A., Lumini, E., Bianciotto, V. and Scariot, V. (2019)
Arbuscular mycorrhizal fungi modulate the crop performance and metabolic profile of saron in soilless cultivation.
Agronomy 9: 1-19

Chang, C. C,, Yang, M. H., Wen, H. M. and Chern, J. C. (2002) Estimation of total flavonoid content in propolis by two
complementary colorimetric methods. Journal of Food and Drug Analysis 10: 178-182.

Chen, M., Yang, G., Liu, D., Li, M., Qiu, H., Guo, L., Huang, L. and Chao, Z. (2017a) Inoculation with Glomus
mosseae Improves the growth and salvianolic acid b accumulation of continuously cropped Salvia miltiorrhiza.
Applied Sciences 7: 1-12.

Chen, S., Zhao, H., Zou, C., Li, Y., Chen, Y., Wang, Z., Jiang, Y., Liu, A., Zhao, P., Wang, M. and Ahammed, G. J.
(2017b) Combined inoculation with multiple arbuscular mycorrhizal fungi improves growth, nutrient uptake and
photosynthesis in cucumber seedlings. Frontiers in Microbiology 8: 1-11.

Cosme, M., Franken, P., Mewis, I|., Baldermann, S. and Wurst, S. (2014) Arbuscular mycorrhizal fungi affect
glucosinolate and mineral element composition in leaves of Moringa oleifera. Mycorrhiza 24: 565-570.

Ehsani, A., Alizadeh, O., Hashemi, M., Afshari, A. and Aminzare, M. (2017) Phytochemical, antioxidant and
antibacterial properties of Melissa officinalis and Dracocephalum moldavica essential oils. Veterinary Research
Forum 8: 223-229

Engel, R., Szabo, K., Abranko, L., Rendes, K., Fuzy, A. and Takacs, T. (2016) Effect of arbuscular mycorrhizal fungi
on the growth and polyphenol profile of marjoram, lemon balm, and marigold. Journal of Agricultural and Food
Chemistry 64: 3733-3742.

Fellbaum, C. R., Mensah, J. A., Cloos, A. J., Strahan, G. E., Pfeffer, P. E., Kiers, E. T. and Bucking, H. (2014) Fungal
nutrient allocation in common mycorrhizal networks is regulated by the carbon source strength of individual host
plants. New Phytologist 203: 646-656.

Ferrer, J. L., Austin, M. B., Stewart Jr, C. and Noel, J. P. (2011) Fungal and plant phenylalanine ammonia-lyase.
Mycobiology 39: 257-265.

Fiorilli, V., Vannini, C., Ortolani, F., Garcia-Seco, D., Chiapello, M., Novero, M., Domingo, G., Terzi, V., Morcia, C.,
Bagnaresi, P., Moulin, L., Bracale, M. and Bonfante, P. (2018) Omics approaches revealed how arbuscular
mycorrhizal symbiosis enhances yield and resistance to leaf pathogen in wheat. Scientific Reports 8: 9625.

Floss, D. S., Levy, J. G., Levesque-Tremblay, V., Pumplin, N. and Harrison, M. J. (2013) DELLA proteins regulate
arbuscule formation in arbuscular mycorrhizal symbiosis. Proceedings of the National Academy of Sciences
110: 5025-5034.

Gautam, N., Mantha, A. K. and Mittal, S. (2014) Essential oils and their constituents as anticancer agents: A
mechanistic view. BioMed Research International 2014: 1-24.

Ghasemzadeh, A., Jaafar, H. Z., Karimi, E. and Rahmat, A. (2014) Optimization of ultrasound-assisted extraction of
flavonoid compounds and their pharmaceutical activity from curry leaf (Murraya koenigii L.) using response
surface methodology. BMC Complementary and Alternative Medicine 14: 1-10

Giovannetti, M. and Mosse, B. (1980) An evaluation of techniques for measuring vesicular arbuscular mycorrhizal
infection in roots. New Phytologist 84: 489-500.

Harrison, M. J. (2005) Signaling in the arbuscular mycorrhizal symbiosis. Annual Review of Microbiology 59: 19-42.

Hashem, A., Algarawi, A. A., Radhakrishnan, R., Al-Arjani, A. B. F., Aldehaish, H. A., Egamberdieva, D. and Abd
Allah, E. F. (2018) Arbuscular mycorrhizal fungi regulate the oxidative system, hormones and ionic equilibrium to
trigger salt stress tolerance in Cucumis sativus L. Saudi Journal of Biological Sciences 25: 1102-1114.

Heidari, Z., Nazarideljou, M. J., Danesh, Y. R. and Khezrinejad, N. (2016) Morphophysiological and biochemical
responses of Zinnia elegans to different irrigation regimes in symbiosis with Glomus mosseae. International Journal
of Horticultural Science and Technology 3: 19-32.

Hristozkova, M., Gigova, L., Geneva, M., Stancheva, l., Vasileva, I., Sichanova, M. and Mincheva, J. (2017)
Mycorrhizal fungi and microalgae modulate antioxidant capacity of basil plants. Journal of Plant Protection
Research 54: 1-10.

Hyun, M. W., Yun, Y. H., Kim, J. Y. and Kim, S. H. (2008) Structure and function of enzymes involved in the
biosynthesis of phenylpropanoids. Plant Physiology and Biochemistry 46: 356-370.

Jaisinghani, R. N. (2017) Antibacterial properties of quercetin. Microbiology Research 8: 6877-13-14.

Jalali, P., Moattari, A., Mohammadi, A., Ghazanfari, N. and Pourghanbari, G. (2016) Melissa officinalis efficacy
against human influenza virus (New H1N1) in comparison with oseltamivir. Asian Pacific Journal of Tropical
Disease 6: 714-717.


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

1 Jle FA o)led & e (alE 5 S, 5 i Ve

Jansa, J., Smith, F. A. and Smith, S. E. (2008) Are there benefits of simultaneous root colonization by different
arbuscular mycorrhizal fungi? New Phytologist 177: 779-789.

Jin, H. R, Liu, J., Liu, J. and Huang, X. (2012) Forms of nitrogen uptake, translocation, and transfer via arbuscular
mycorrhizal fungi: A review. Science China Life Sciences 55: 474-482.

Johari, J., Kianmehr, A., Mustafa, M. R., Abubakar, S. and Zandi, K. (2012) Antiviral activity of baicalein and
quercetin against the Japanese Encephalitis virus. International Journal of Molecular Sciences 13: 16785-16795.
Jugran, A. K., Bahukhandi, A., Dhyani, P., Bhatt, I. D., Rawal, R. S., Nandi, S. K. and Palni, L. M. S. (2015) The effect
of inoculation with mycorrhiza: AM on growth, phenolics, tannins, phenolic compaosition and antioxidant activity in

Valeriana jatamansi Jones. Journal of Soil Science and Plant Nutrition 15: 1036-1049.

Karagiannidis, N., Panou-Filotheou, H., Lazari, D., Ipsilantis, I. and Karagiannidou, C. (2010) Essential oil content and
composition, nutrient and mycorrhizal status of some aromatic and medicinal plants of northern greece. Natural
Product Communications 5: 823-830

Kawaguchi, M. and Minamisawa, K. (2010) Plant—microbe communications for symbiosis. Plant Cell Physiology
51: 1377-1380.

Khalid, M., Hassani, D., Bilal, M., Liao, J. and Huang, D. (2017) Elevation of secondary metabolites synthesis in
Brassica campestris ssp. chinensis L. via exogenous inoculation of Piriformospora indica with appropriate
fertilizer. Plos One 12: 1-18.

Khan, H. and Rauf, A. (2014) Medicinal plants: Economic perspective and recent developments. World Applied
Sciences Journal 31: 1925-1929.

Khaosaad, T., Vierheilig, H., Nell, M., Zitterl-Eglseer, K. and Novak, J. (2006) Arbuscular mycorrhiza alter the
concentration of essential oils in oregano (Origanum sp., Lamiaceae). Mycorrhiza 16: 443-446.

Kluga, A., Terentjeva, M., Kantor, A., Kluz, M., Puchalski, C. and Kacaniova, M. (2017) Antibacterial activity of
Melissa officinalis L., Mentha piperita L., Origanum vulgare L. and Malva mauritiana against bacterial microflora
isolated from fish. Advanced Research Life Science 1: 75-80.

Kobae, Y., Tamura, Y., Takai, S., Banba, M. and Hata, S. (2010) Localized expression of arbuscular mycorrhiza-
inducible ammonium transporters in soybean. Plant Cell Physiology 51: 1411-1415.

Koksal, E., Bursal, E., Dikici, E., Tozoglu, F. and Gulcin, I. (2011) Antioxidant activity of Melissa officinalis leaves.
Journal of Medicinal Plants Research 5: 217-222.

Krizek, D. T., Britz, S. J. and Mirecki, R. M. (1998) Inhibitory effects of ambient levels of solar UV-A and UV-B
radiation on growth of cv. New Red Fire lettuce. Physiologia Plantarum 103: 1-7.

Larose, G., Chenevert, R., Moutoglis, P., Gagne, S., Piche, Y. and Vierheilig, H. (2002) Flavonoid levels in roots of
Medicago sativa are modulated by the developmental stage of the symbiosis and the root colonizing arbuscular
mycorrhizal fungus. Journal Plant Physiology 159: 1329-1339.

Lattanzio, V., Cardinali, A., Ruta, C., Fortunato, I. M., Lattanzio, V. M. T., Linsalata, V. and Cicco, N. (2009)
Relationship of secondary metabolism to growth in oregano (Origanum vulgare L.) shoot cultures under nutritional
stress. Environmental and Experimental Botany 65: 54-62.

Li, J. F., Heb, X. H., Li, H., Zheng, W. J.,, Liu, J. F. and Wang, M. Y. (2015) Arbuscular mycorrhizal fungi increase
growth and phenolics synthesis in Poncirus trifoliata under iron deficiency. Scientia Horticulturae 183: 87-92.

Li, X., Zhang, L., Ahammed, G. J., Li, Z. X., Wei, J. P., Shen, C., Yan, P., Zhang, L. P. and Han, W. Y. (2017)
Stimulation in primary and secondary metabolism by elevated carbon dioxide alters green tea quality in Camellia
sinensis L. Scientific Reports 7: 1-12.

Lin, J. T., Chen, Y. C,, Lee, Y. C., Hou, C. W. R., Chen, F. L. and Yang, D. J. (2012) Antioxidant, anti-proliferative
and cyclooxygenase-2 inhibitory activities of ethanolic extracts from lemon balm (Melissa officinalis L.) leaves.
LWT-Food Science and Technology 49: 1-7.

Liu, H. G., Wang, Y. J., Hart, M., Chen, H. and Tang, M. (2016) Arbuscular mycorrhizal symbiosis regulates hormone
and osmotic equilibrium of Lycium barbarum L. under salt stress. Mycosphere 7: 828-843.

Lopez-Raez, J. A., Flors, V., Garcia, J. M. and Pozo, M. J. (2010) AM symbiosis alters phenolic acid content in tomato
roots. Plant Signaling and Behavior 5: 1138-1140.

Lopukhina, A., Dettenberg, M., Weiler, E. W. and Hollander-Czytko, H. (2001) Cloning and characterization of a
coronatine-regulated tyrosine aminotransferase from Arabidopsis. Plant Physiology 126: 1678-1687.

Lu, N., Zhou, X., Cui, M., Yu, M., Zhou, J., Qin, Y. and Li, Y. (2015) Colonization with arbuscular mycorrhizal fungi
promotes the growth of Morus alba L. seedlings under greenhouse conditions. Forests 6: 734-747.

Mabrouki, H., Duarte, C. M. M. and Akretche, D. E. (2017) Estimation of total phenolic contents and in vitro
antioxidant and antimicrobial activities of various solvent extracts of Melissa officinalis L. Arabian Journal for
Science and Engineering 43: 3349-3357.

Martin, S. L., Mooney, S. J., Dickinson, M. J. and West, H. M. (2012) The effects of simultaneous root colonisation by
three Glomus species on soil pore characteristics. Soil Biology and Biochemistry 49: 167-173.

Matkowski, A., Zielinska, S., Oszmianski, J. and Lamer-Zarawska, E. (2008) Antioxidant activity of extracts from


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

V0 aenisnl 5o Sy g e SS S A e

leaves and roots of Salvia miltiorrhiza Bunge, S. przewalskii Maxim., and S. verticillata L. Bioresource Technology
99: 7892-7896.

Miranda, D., Fischer, G. and Ulrichs, C. (2011) The influence of arbuscular mycorrhizal colonization on the growth
parameters of cape gooseberry (Physalis peruviana L.) plants grown in a saline soil. Journal of Soil Science and
Plant Nutrition 11: 18-30.

Miransari, M., Abrishamchi, A., Khoshbakht, K. and Niknam, V. (2014) Plant hormones as signals in arbuscular
mycorrhizal symbiosis. Critical Reviews in Biotechnology 34: 123-133.

Mirjani, L., Salimi, A., Matinizadeh Razavic, M. K. and Shahbazid, M. (2019) The role of arbuscular mycorrhizal fungi
on acclimatization of micropropagated plantlet Satureja khuzistanica Jam. by ameliorating of antioxidant activity
and expression of PAL gene. Scientia Horticulturae 253: 364-370.

Mollavali, M., Bolandnazar, S. A., Schwarz, D. and Zaare Nahandi, F. (2015) Flavonol glucoside and antioxidant
enzyme biosynthesis affected by mycorrhizal fungi in various cultivars of onion (Allium cepa L.). Journal of
Agricultural and Food Chemistry 64: 71-77.

Moradi, M. T., Karimi, A., Alidadi, S. and Hashemi, L. (2016) In vitro anti-adenovirus activity, antioxidant potential
and total phenolic compounds of Melissa officinalis L. (Lemon Balm) extract. International Journal of
Pharmacognosy and Phytochemical Research 8: 1471-1477.

Moradkhani, H., Sargsyan, E., Bibak, H., Naseri, B., Sadat-Hosseini, M., Fayazi-Barjin, A. and Meftahizade, H. (2010)
Melissa officinalis L., a valuable medicine plant: A review. Journal of Medicinal Plants Research 4: 2753-2759.

Nell, M., Votsch, M., Vierheilig, H., Steinkellner, S., Zitterl-Eglseer, K., Franza, C. and Novaka, J. (2009) Effect of
phosphorus uptake on growth and secondary metabolites of garden sage (Salvia officinalis L.). Journal of the
Science of Food and Agriculture 89: 1090-1096.

Ngonkeu, E. L. M., Nwaga, D., Tsetchoua, R., Mogo, A., Mongoue, A. F., Mballa, T. A. N., Manet, L. and Boyomo, O.
(2017) Effect of quercetin and pectinase on spore germination and hyphal growth of arbuscular mycorrhizal fungi
and biomass production of Nicotiana tabacum L. and Calopogonium mucunoides desv. Annual Research and
Review in Biology 12: 1-11.

Ozsoy, N., Yilmaz-Ozden, T., Serbetci, T. and Akalin, E. (2017) Antioxidant, anti-inflammatory, acetylcholinesterase
and thioredoxin reductase inhibitory activities of nine selected Turkish medicinal plants. Indian Journal of
Traditional Knowledge 16: 553-561.

Pandey, D. K., Kaur, P. and Dey, A. (2018) Arbuscular mycorrhizal fungi: Effects on secondary metabolite production
in medicinal plants. In: Fungi and their Role in Sustainable Development (eds. Gehlot, P. and Singh, J.) Pp. 507-
538. Springer Nature, Singapore.

Phillips, J. M. and Hayman, S. D. (1970) Improved procedures for clearing roots and staining parasitic and vesicular-
arbuscular mycorrhizal fungi for rapid assessment of infection. Transactions of the British Mycological Society
55: 158-161.

Pourghanbar, G., Nili, H., Moattari, A., Mohammadi, A. and Iraji, A. (2016) Antiviral activity of the oseltamivir and
Melissa officinalis L. essential oil against avian influenza A virus (HON2). Virus Disease 27: 170-178.

Requena, N., Serrano, E., Ocon, A. and Breuninger, M. (2007) Plant signals and fungal perception during arbuscular
mycorrhiza establishment. Phytochemistry 68: 33-40.

Ru, M., Wang, K., Bai, Z., Peng, L., He, S., Wang, Y. and Liang, Z. (2017) A tyrosine aminotransferase involved in
rosmarinic acid biosynthesis in Prunella vulgaris L. Scientific Reports 7: 1-12.

Sadraei, H., Ghannadi, A. and Malekshahia, K. (2003) Relaxant effect of essential oil of Melissa officinalis and citral on
rat ileum contractions. Fitoterapia 74: 445-452.

Scervino, J. M., Ponce, M. A., Erra-Bassells, R., Vierheilig, H., Ocampo, J. A. and Godeas, A. (2005) Flavonoids
exclusively present in mycorrhizal roots of white clover exhibit a different effect on arbuscular mycorrhizal fungi
than flavonoids exclusively present in non-mycorrhizal roots of white clover. Journal of Plant Interactions 1: 1-15.

Sener, I., Gur, M., Verep, D., Guney, K. and Altuner, E. M. (2017) Antimicrobial activities and some flavonoids in
extracts of some medicinal plants. Indian Journal of Pharmaceutical Education and Research 51: 234-238.

Sharmila, R. and Manoharan, S. (2012) Anti-tumor activity of rosmarinic acid in 7,12-dimethylbenz(a)anthracene
(DMBA) induced skin carcinogenesis in Swiss albino mice. Indian Journal of Experimental Biology 50: 187-194.
Sieh, D., Watanabe, M., Devers, E. A., Brueckner, F., Hoefgen, R. and Krajinski, F. (2013) The arbuscular mycorrhizal

symbiosis influences sulfur starvation responses of Medicago truncatula. New Phytologist 197: 606-616.

Singh, R. (2015) Medicinal plants: A review. Journal of Plant Sciences 3: 50-55.

Singleton, V. L., Orthofer, R. and Lamuela-Raventos, R. (1999) Analysis of total phenols and other oxidation substrates
and antioxidants by means of folin-ciocalteu reagent. Methods in Enzymology 299: 152-178.

Soltani, E., Radjabian, T., Abrishamchi, P. and Talei, D. (2016) Physiological and biochemical responses of Melissa
officinalis L. to nickel stress and the protective role of salicylic acid. Archives of Agronomy and Soil Science
63: 330-343.


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

1 Jle FA o)led & e (alE 5 S, 5 i 1

Song, F. Q. and Kong, X. S. (2012) Molecular process of arbuscular mycorrhizal associations and the symbiotic
stabilizing mechanisms. African Journal of Microbiology Research 6: 870-88.

Song, Y., Chen, D., Lu, K., Sun, Z. and Zeng, R. (2015) Enhanced tomato disease resistance primed by arbuscular
mycorrhizal fungus. Frontiersin Plant Science 6: 1-13.

Songachan, L. S. and Kayang, H. (2018) Effects of Arbuscular mycorrhizal fungal inoculation on growth and yield of
Flemingia vestita Benth. ex baker. International Journal of Agricultural Technology 14: 377-388.

Srivastava, S., Conlan, X. A., Cahill, D. M. and Adholeya, A. (2016) Rhizophagus irregularis as an elicitor of
rosmarinic acid and antioxidant production by transformed roots of Ocimum basilicum in an in vitro co-culture
system. Mycorrhiza 26: 1-12.

Stevens, K. J., Spender, S. W. and Peterson, R. L. (2002) Phosphorus, arbuscular mycorrhizal fungi and performance of
the wetland plant Lythrum salicaria L. under inundated conditions. Mycorrhiza 12: 277-283.

Stevens, K. J., Wall, C. B. and Janssen, J. A. (2010) Effects of arbuscular mycorrhizal fungi on seedling growth and
development of two wetland plants, Bidens frondosa L. and Eclipta prostrata (L.) grown under three levels of water
availability. Mycorrhiza 21: 279-288.

Tepe, B. (2008) Antioxidant potentials and rosmarinic acid levels of the methanolic extracts of Salvia virgata (Jacq),
Salvia staminea (Montbret and Aucher ex Bentham) and Salvia verbenaca (L.) from Turkey. Bioresource
Technology 99: 1584-1588.

Tian, C., Kasiborski, B., Koul, R., Lammers, P. J., Bucking, H. and Shachar-Hill, Y. (2010) Regulation of the nitrogen
transfer pathway in the arbuscular mycorrhizal symbiosis: Gene characterization and the coordination of expression
with nitrogen flux. Plant Physiology 153: 1175-1187.

Torres, N., Hilbert, G., Antolin, M. C. and Goicoechea, N. (2019) Aminoacids and flavonoids profiling in tempranillo
berries can be modulated by the arbuscular mycorrhizal fungi. Plants 8: 1-15.

Toussaint, J. P., Kraml, M., Nell, M., Smith, S. E., Smith, F. A., Steinkellner, S., Schmiderer, C., Vierheilig, H. and
Novak, J. (2008) Effect of Glomus mosseae on concentrations of rosmarinic and caffeic acids and essential oil
compounds in basil inoculated with Fusarium oxysporum f.sp. basilica. Plant Pathology 57: 1109-1116.

Trindade, R., Almeida, L., Xavier, L., Lins, A. L., Andrade, E. H., Maia, J. G., Mello, A., Setzer, W. N., Ramos, A. and
Silva, J. K. (2019) Arbuscular mycorrhizal fungi colonization promotes changes in the volatile compounds and
enzymatic activity of lipoxygenase and phenylalanine ammonia lyase in Piper nigrum L. ‘Bragantina’. Plants
8: 1-15.

Trouvelot, S., Bonneau, L., Redecker, D., Tuinen, D. V. and Adrian, M. (2015) Arbuscular mycorrhiza symbiosis in
viticulture: A review. Agronomy for Sustainable Development 35: 1449-1467.

Wang, S. X. and Hu, L. M. (2010) Anti-inflammatory activity of salvianolic acid b in microglia contributes to its
neuroprotective effect. Neurochemical Research 35: 1029-1037.

Wang, Y., Wang, M., Li, Y., Wu, A. and Huang, J. (2018) Effects of arbuscular mycorrhizal fungi on growth and
nitrogen uptake of Chrysanthemum morifolium under salt stress. Plos One 13: 1-15.

Wang, Y., Lin, J.,, Huang, S., Zhang, L., Zhao, W. and Yang, C. (2019) Isobaric tags for relative and absolute
quantification-based proteomic analysis of Puccinellia tenuiflora inoculated with arbuscular mycorrhizal fungi
reveal stress response mechanisms in alkali-degraded soil. Land Degradation and Development 30: 1584-1598.

Xu, D., Hu, M. J.,, Wang Y. Q. and Cui, Y. L. (2019) Antioxidant activities of quercetin and its complexes for medicinal
application. Molecules 24: 1-15.

Xu, H., Lu, Y. and Tong, S. (2018) Effects of arbuscular mycorrhizal fungi on photosynthesis and chlorophyll
fluorescence of maize seedlings under salt stress. Emirates Journal of Food and Agriculture 30: 199-204.

Yadav, K., Aggarwal, A. and Singh, N. (2013) Arbuscular mycorrhizal fungi induced acclimatization and growth
enhancement of Glycyrrhiza glabra L.: A potential medicinal plant. Agricultural Research 2: 43-47.

Yan, Q., Shi, M., Ng, J. and Wu, J. Y. (2006) Elicitor-induced rosmarinic acid accumulation and secondary metabolism
enzyme activities in Salvia miltiorrhiza hairy roots. Plant Science 170: 853-858.

Yang, Y., Ou, X,, Yang, G., Xia, Y., Chen, M., Guo, L. and Liu, D. (2017) Arbuscular mycorrhizal fungi regulate the
growth and phyto-active compound of Salvia miltiorrhiza seedlings. Applied Sciences 7: 1-14.

Yurkov, A., Veselova, S., Jacobi, L., Stepanova, G., Yemelyanov, V., Kudoyarova, G. and Shishova, M. (2017) The
effect of inoculation with arbuscular mycorrhizal fungus Rhizophagus irregularis on cytokinin content in a highly
mycotrophic Medicago lupulina line under low phosphorus level in the soil. Plant Soil and Environment
63: 519-524.

Zakerian, F., Abbaszadeh, B. and Rejali, F. (2014) Balm morphology under control of non-chemical sources of
nutrients. International Journal of Biosciences 4: 279-284.

Zayova, E., Stancheva, I., Geneva, M., Hristozkova, M., Dimitrova, L., Petrova, M., Sichanova, M., Salamon, 1. and
Mudroncekova, S. (2017) Arbuscular mycorrhizal fungi enhance antioxidant capacity of in vitro propagated garden
thyme (Thymus vulgaris L.). Symbiosis 72: 1-11.

Zeng, Y., Guo, L. P., Chen, B. D., Hao, Z. P., Wang, J. Y., Huang, L. Q., Yang, G., Cui, X. M., Yang, L., Wu, Z. X,


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

W aeninnl 5o b Sy g e SS S A e

Chen, M. L. and Zhang, Y. (2013) Arbuscular mycorrhizal symbiosis and active ingredients of medicinal plants:
Current research status and prospectives. Mycorrhiza 23: 253-65.

Zhao, H., Zhang, H. and Yang, S. (2014) Phenolic compounds and its antioxidant activities in ethanolic extracts from
seven cultivars of Chinese jujube. Food Science and Human Wellness 3: 183-190.

Zhao, R., Guo, W., Bi, N., Guo, J., Wang, L., Zhao, J. and Zhang, J. (2015) Arbuscular mycorrhizal fungi affect the
growth, nutrient uptake and water status of maize (Zea mays L.) grown in two types of coal mine spoils under
drought stress. Applied Soil Ecology 88: 41-49.

Zhu, X. C., Song, F. B., Liu, F. L., Liu, S. Q. and Tian, C. J. (2015) Carbon and nitrogen metabolism in arbuscular
mycorrhizal maize plants under low-temperature stress. Crop and Pasture Science 66: 62-70.

Zou, Y. N., Srivastava, A. K., Wu, Q. S. and Huang Y. M. (2014) Increased tolerance of trifoliate orange (Poncirus
Trifoliata) seedlings to waterlogging after inoculation with arbuscular mycorrhizal fungi. The Journal of Animal and
Plant Sciences 24: 1415-1420.

Zubek, S., Rola, K., Szewczyk, A., Majewska, M. L. and Turnau, K. (2015) Enhanced concentrations of elements and
secondary metabolites in Viola tricolor L. induced by arbuscular mycorrhizal fungi. Plant and Soil 390: 129-142.
Zubek, S., Stefanowicz, A. M., Btaszkowski, J., Niklinskad, M. and Seidler-Lozykowskae, K. (2012) Arbuscular
mycorrhizal fungi and soil microbial communities under contrasting fertilization of three medicinal plants. Applied

Soil Ecology 59: 106-115.


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.38.28.5
https://jispp.iut.ac.ir/article-1-1362-fa.html

[ Downloaded from jispp.iut.ac.ir on 2025-10-29 ]

[ DOR: 20.1001.1.23222727.1399.9.38.28.5 ]

1 Jle FA o)led & e (alE 5 S, 5 i YA

Improvement of growth and stimulation of biosynthesis pathway of polyphenols
in Melissa officinalis L. colonized by Arbuscular Mycorrhizal

Seyedeh Zohreh Saderi*, Parvaneh Abrishamchi®’, Ali Ganjeali', Tayebeh Radjabian®

! Department of Biology, Faculty of Sciences, Ferdowsi University of Mashhad, Mashhad
2 Department of Biology, Faculty of Basic Sciences, Shahed University, Tehran
(Received: 11/01/2020, Accepted: 08/04/2020)

Abstract

The increasing demand for medicinal plants has emphasized the importance of the development of effective methods
for enhancing the cultivation of these plants. The association of arbuscular mycorrhizal (AM) fungi with medicinal
plants has been found to alter the level of secondary metabolites by affecting the plant metabolism. Lemon balm
(Melissa officinalis L.), is an important medicinal plant which belongs to Lamiaceae family that has been used since the
Middle Ages for various medical purposes. In this study, the effects of Glomus mosseae and Glomus intraradices
symbiosis on growth, the content of some phenolic compounds and the activities of some enzymes responsible for
polyphenols synthesis were investigated in lemon balm. Seeds were sown in a mixture of soil and fungal inoculum.
After five months of growth under controlled condition, growth parameters, the contents of total phenols, flavonoids,
phenolic acids and anthocyanins, the concentrations of rosmarinic acid, salvianolic acid B and caffeic acid and activities
of phenylalanine ammonia lyase and tyrosine aminotransferase were investigated in the control and the AM plants.
According to the results, the symbiosis of lemon balm with selective AM species was successful. The highest
percentage of colonization and the improvement of growth parameters were observed in the plants inoculated with G.
mosseae. Symbiotic plants showed more increased levels of polyphenols and enzymes activities compared to the
control. The study revealed that colonization of plants with AM species not only improved growth, but also increased
the content of polyphenols which is closely linked to the enzymes activities responsible for synthesis of these
compounds. These results confirmed the importance of the mycorrhizal symbiosis in enhancing the nutritional and
medicinal values of the plant.
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